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The observation that SOX10 expression is maintained tensive analysis of Sox10 loss-of-function phenotypes in Schwann cell precursors, but rapidly downregulated in such cultures is impeded by the extensive apoptosis by factors that promote differentiation to nonglial fates, caused by the mutation. Therefore, whether SOX10 raised the question of whether it is required for the mainplays a broader role in maintaining multipotency could tenance of glial potential. To address this question, we not be determined.
first asked whether BMP2 promoted a loss of gliogenic Gain-of-function experiments would complement the differentiation potential in NCSCs, and if so, whether understanding of SOX10 function gleaned from lossthis could be prevented by constitutive expression of of-function analysis. However, previous studies have Sox10. To achieve such constitutive expression, we inreported that overexpression of Sox10 yields no obvious fected NCSCs with pseudotyped retroviruses ( Figure 2Q , "ϩBMP2," defined in that system. purple bar). Recovery of O4 expression in SOX10-infected When NCSCs were allowed to differentiate to all three cells was also observed after sequential incubation in lineages under standard culture conditions (Stemple  GGFII/ (Figure 1 ), we ϩBMP2"), and erbB3 mRNA levels were restored to ‫%05ف‬ of those in cultures lacking BMP2 ( Figure 2S , asked whether constitutive expression of SOX10 could prevent such a TGF␤-induced extinction of neurogenic "Sox10, ϪBMP2"). Thus, loss of gliogenic potential caused by preincubation in BMP2 is correlated with potential. To do this, NCSCs plated at clonal density were infected with either the SOX10 or GFP retroviruses, downregulation of a coreceptor for GGFII/NRG-1, and forced expression of SOX10 partially rescues this downand incubated for 24 hr to allow expression of the retroviral transgene. Subsequently, the cells were preincuregulation. These data suggest (although they do not causally establish) that SOX10 may protect glial differenbated for 24 hr in different concentrations of TGF␤, washed, and then cultured in 1 nM BMP2 for a further tiation potential from extinction by BMP2, at least in part, by maintaining GGFII/NRG-1 responsiveness in NCSCs.
5-6 days to promote neurogenesis, and then stained for neurofilament expression (Figure 3, schematic) . Consistent with this interpretation, responsiveness to We also examined the relationship of SOX10 to some neuronal differentiation markers in autonomic pre-cursors. To this end, we analyzed the expression of PHOX2A, a close relative of PHOX2B that is also expressed by developing autonomic neuroblasts (Pattyn et al., 1997). PHOX2A is expressed 1 day later than PHOX2B in sympathetic ganglia primordia and is never coexpressed with SOX10 at E9.5 (Figures 7A and 7D ; 0 PHOX2A ϩ cells/982 SOX10 ϩ cells analyzed in n ϭ 2 embryos). Rather, from its onset at E10.5, PHOX2A expression is mutually exclusive with that of SOX10 ( Figure  7B; inset, arrows) . These data suggested that SOX10 might negatively regulate PHOX2A expression (or viceversa). To test this, we first asked whether forced expression of SOX10 might interfere with the induction of PHOX2A by BMP2 (Lo et al., 1998) 
MASH1 and PHOX2B Repress Expression of Endogenous SOX10 in NCSCs
The opposite effects of the Dom/Dom genotype on MASH1/PHOX2B and PHOX2A expression in neural crest-derived autonomic precursors suggested that SOX10 is required not only to maintain neurogenic differentiation potential but also to inhibit or delay overt neuronal differentiation. This raised the question of how this inhibition is ultimately relieved to permit neuronal differentiation to occur. One possibility is that MASH1, PHOX2B, or PHOX2A, once having been induced, in turn repress SOX10. To test this possibility, we examined the expression of endogenous SOX10 protein in NCSCs infected with retroviruses encoding these three neurogenic transcription factors. Both MASH1 and PHOX2B caused a slight reduction in SOX10 expression 48 hr taken together with the fact that their initial expression is SOX10 dependent (Figure 6 ), suggests that a negativefeedback loop may extinguish SOX10 expression in autonomic neuronal precursors ( Figure 9C) . level of SOX10 expression achieved using our retroviral expression system is only ‫%04ف‬ higher than endogenous levels; see Experimental Procedures). If so, then Discussion removal of a single copy of endogenous Sox10 might be expected to cause a derepression of PHOX2A in vivo.
The evidence presented here suggests that SOX10 is a multifunctional protein that contributes to several imporThere is precedent that some other functions of SOX10 in neural crest development (e.g., in melanogenesis and tant properties of NCSCs. First, SOX10 preserves both neurogenic and gliogenic differentiation capacity from enteric gangliogenesis) exhibit such haploinsufficiency (Herbarth et al., 1998; Southard-Smith et al., 1998) . extinction by lineage restriction factors. Second, SOX10 inhibits overt neuronal and smooth muscle differentiaWe therefore asked whether any derepression of PHOX2A in SOX10 ϩ cells could be detected in Dom/ϩ tion. Third, SOX10 prevents TGF␤-induced proliferative arrest. The extent to which these functions are indepenembryos. Indeed, at E9.5 such precocious expression of PHOX2A in SOX10 ϩ cells was clearly detectable near dent is discussed below. The notion that SOX10 exerts multiple functions in the neural crest and its derivatives the dorsal aorta (Figure 7G versus 7H; inset, arrowheads) . Precocious expression of the RNA binding prois consistent with emerging evidence that SOX proteins ., 2002) . Evidently, pression in vivo, independent of any requirement for a higher level of SOX10 is required to inhibit neuronal proliferation, would suggest that the ability of SOX10 differentiation than to maintain neurogenic potential.
to maintain MASH1 inducibility in TGF␤ is likely to be This may explain the incomplete penetrance of the effect independent of its effect to maintain proliferation in vitro. of SOX10 to inhibit neurogenesis in gain-of-function exTo the extent that MASH1 inducibility is a marker of periments. Although its mechanistic basis remains to be neurogenic potential, this suggests that the maintedetermined, this genetic dissociation strongly suggests nance of multipotency by SOX10 is not secondary to that these two functions of SOX10 are independent. its ability to prevent mitotic arrest. We cannot exclude, The derepression of Phox2a in Sox10 mutants may however, that the ability of SOX10 to inhibit TGF␤-induced appear paradoxical given that expression of Phox2a is proliferative arrest is secondary to its ability to inhibit lost in the sympathetic primordia of Mash1 Ϫ/Ϫ or smooth muscle differentiation. 
